Sorting the consequences of ionizing radiation: processing of 8-oxoguanine/abasic site lesions.
Clustered DNA damage is a hallmark of ionizing radiation. These complex lesions, composed of any combination of oxidized bases, abasic sites, or strand breaks within one helical turn, create a tremendous challenge for the base excision repair system, which must process the damage without generating cytotoxic double strand breaks (DSB). Clustered lesions affect the DNA incision activity of DNA glycosylases and AP endonucleases. Different levels of enzyme inhibition are dependent on lesion identity, orientation and separation. Very little is known about the simultaneous action of both classes of enzymes, which may lead to the creation of DSB. We have developed a novel substrate system of double-labeled hairpin duplexes, which allows the simultaneous determination of enzyme incision and formation of DBS. We use this system to study the processing of four clustered 8-oxoguanine/abasic site lesions by purified mouse Ogg1, human Ape1 and mouse embryonic stem cell nuclear extracts. Ape1 activity is least affected by the presence of a nearby oxidized base. In contrast, an abasic site inhibits the glycosylase and lyase activities of Ogg1 in an orientation-dependent manner. The combined action of both enzymes leads to the preferential formation of DSB with 5'-overhang ends. Processing of clusters by nuclear extracts displayed similar patter of enzyme inhibition and the same preference for avoiding double strand breaks with 3'-overhang ends.